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(54) Apparatus for detecting and treating obstructive airway disorders 

(57) A device tor treating upper respiratory obstruc- 
tions in a patient by electrical stimulation of musdes of 
the upper ainway including surgically implanting a imped- 
ance sensing circuit 85 into the patient such that the 
inrtpedance ser^r is capat^le of providing a signal char* 
acteristic of transthoracic impedance in the patient. The 
implanted impedance sensing drcuit 85 allows the 
inspiratory phase of the patient's respiratory cycte to be 
identified and electrical stimulation to be reliably applied 
during the inspiration phase. 
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Description 

The present invention relates to medical devices 
which eniploy electrical stimulation in the treatment of 
obstructive airway disorders such as obstructive sleep 
apnea or upper ainway resistance syndrome. 

Sleep apnea has been Known for some time as a 
medical syndrome in two generally recognized forms. 
The first is central sleep apnea, which is associated with 
the failure of the body to automatically generate the 
neuro-muscular stimulation necessary to initiate and 
control a respiratory cycle at the proper time. Work asso- 
ciated with employing electrical stimulation to treat this 
condition is discussed in Glenn, '^Diaphragm Pacing: 
Present Status". Pace, V. I. pp 357^370 (July-September 
1978). 

The second sleep apnea syndrome is known as 
obstructive sleep apnea. Ordinarily, the contraction of the 
dilator muscles of the upper airways (nose and pharynx) 
allows their patency at the time of inspiration. In obstruc- 
tive sleep apnea, the obstruction of the ainways results 
in a disequilibrium between the forces which tend to their 
collapse (negative inspiratory transpharyngeal pressure 
gradient) and those which contribute to their opening 
(muscle contraction). The mechanisms whrch underlie 
the triggering of obstructive apnea include a reduction in 
the size of the superior ainways. an increase in their com- 
pliance, and a reductfon in the activity of the muscle dila* 
tor. The muscle dilators are intimately linked to the 
respiratory muscles and these muscles respond in a sim- 
ilar manner to a stinrrulation or a depression of the respi- 
ratory center The ventilatory fluctuations observed 
during sleep (alternately enhancement and depression 
of periodk: respiration) thus favor an instability of the 
superk3r ainways and me occurrence of oropharyngeal 
obstruction. The respiratory activation of the genioglos- 
sus has been particularly noted to be ineffective during 
sleep. The cardiovascular consequences of apnea 
include disorders of cardiac rhythm (bradycardia, auric- 
uloventricular block, ventricular extrasystoles) and 
hemodynamics (pulmonary and systemic hypertension). 
This results in a stimulatory metabolic and mechanical 
effect on the autonomic nervous system. The electroen- 
cephalographic awakening which precedes the easing 
of obstruction of the upper ain^vays is responsible for the 
fragmentation of sleep. The syndrome Is therefore asso- 
ciated with an increased morbidity (the consequence of 
diurnal hypersomnotence and cardiovascular complica- 
tions). Other conditions affecting the upper ainfvay are 
also known such as upper airway resistance syndrome 
as described in Guiileminault. C. etal. Idiopathic Hyper- 
somnia Revisited: Tlie Unknown Upper Ainway Resist- 
ance Syndrome. Sleep Res 20: 2S1. 1991 or vocal cord 
paralysis as set forth in Sroniatowski, M. etal., Laryngeal 
Pacemaker. II. Electronic Pacing of Reinnervated Poste- 
rior Cricoarytenoid Muscles in the Canine, Laryngo- 
scope 95: 1194-98. 1985. 

A method for treatment of obstructive sleep-apnea 
syncfa'ome and other upper airavay conditfons is to gen- 



erate electrical signals to stimulate those nerves which 
activate the patient's upper ainway muscles in order to 
maintain upper ainway patency. For example, in U S. Pat- 
ent 4,830,008 to Meer, inspiratory effort is monitored and 

5 electrical signals are directed to upper ainA/ay muscles 
in response to the monitored inspiratory effort. Or, in U.S. 
Patent 5.123.425 a collar contains a sensor to monitor 
respiratory functioning to detect an apnea episode and 
an electronics module which generates electrical bursts 
w to electrodes located on the collar. The electrical bursts 
are transferred transcutaneously from the electrodes to 
the nerves innervating the upper alrmy muscles. Or in 
U.S. Patent 5.1 74,287 issued to KaltoK sensors monitor 
the electrical activity associated with contractfons of the 
fs diaphragm and also the pressure within the thorax and 
the upper aintvay. Whenever electrical activity of the dia- 
phragm suggests that an inspiration cyde is in progress 
and the pressure sensors show an abnormal pressure 
differential across the airway, the presence of obstructive 

20 sleep apnea is assumed and electrical stinnjiation is 
applied to the musculature of the upper ainway. Or. in U.S. 
Patent 5.178.156 Issued to Wataru et al. respiration 
sensing includes sensors for sensing breathing through 
left and right nostrils and through the mouth which iden- 

25 tit ies an apnea event and thereby triggers electrical stim- 
ulation of the genioglossus. Or. in U.S. Patent 5, 190.053 
issued to Meer, an intra-oral. sublingual electrode is used 
for the electrical stimulation of the genioglossus to main- 
lain the patency of an upper ain^rtiy. Or in U.S. Patent 

30 5,211.173 Issued to Kallok et al. sensors are used to 
determine the effectiveness of the stimulation of the 
upper ain^vay and the amplitude and pulse width of the 
stimulation are modified in response to the measure- 
ments from the sensors. Or in U.S. Patent 5.215.082 

35 issued to Kallok et al, upon sensing of the onset of an 
apnea event, a stimulation generator provides a signal 
for stimulating the musdes of the upper amay at a var- 
ying intensity such that the intensity is gradually 
increased during the course of the stimulation. However, 

40 even with these modes of therapy there remain many 
practical difficulties for implementing them in a medically 
useful treatment system. In particular, if stimulation 
occurs in response to detected inspiration or to misde- 
tected apnea events, the stimulation may make it difficult 

45 for the patient to get to sleep initially or to return to sleep 
after awakening. According to the Meer 008 patent, the 
solution to this problem is to monitor the action potentials 
of the upper ainway muscles to determine when the pat- 
ent is awake and to commence stimulation only when 

50 normal upper airway muscle activity is not detected. 
However, this approach presents many practical difficul- 
ties in implementation and can lead to inappropriate 
stinrujiation or failure to stimulate reliably 

It is therefore an object of the invention to provide an 

55 apnea treatment device which includes practical detec- 
tion of respiratory effort and treatment in response to the 
detected respiratory effort 

According to the present invention, there is provided 
a medica) device for treating upper ainvay obstruction in 
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a patient by electrical stimulation of muscles of the upper 
airway connprtstrtg: 

(a) an imp^antat^e pulse generator mctuding an 
impedance sensing circuit: 

(b) a stimulation lead adapted to exterd from the 
pulse generator to a n&ve which activates at least 
one o1 the patient's upper airway muscles; 

(c) at least one impedance measuring electrode 
along said stimulation lead and in electrical connec- 
tion with the impedance sensing drcurt such thai the 
sensing circuit provides a sigrud characteristic of 
transthoracic impedance in the patient: 

(d) means responsive to said impedance sensing 
circuit for nrtonitoring the inrrpedance signal of the 
impedance sensing circuit for at least one parameter 
characteristic of the onset of inspiration of the 
patient: 

(e) means associated with said monitoring means 
for detecting the onset of inspiration: and 

(f) means responsive to said detecting means for 
applying the electrical stimulation synchronous with 
the onset of inspiration, the electrical stimulation 
applied at a level which restores patency in the air* 
way. 

Such adevice can be implemented in a fully implant- 
able stimulation sy^em. An implantable pulse generator 
(IPG) such as a Medtronic ITREL II Model 7424 modified 
to include an input from a respiratory sensor can be 
implanted in a patient The Medtronic ITREL II IPG has 
advanced programmable features permitting nnode 
changes by transcutaneous RF telemetry. The patient- 
controllable parameters of the device's operation can 
therefore be controlled by the patient through a small, 
hand-held telemetry device while the physician can pre- 
set additional operational parameters of the device 
through an external programmer. 

Of critfcai importance in such a system is the type 
and location of a respiratory sensor that will allow the 
device to detect and analyze the respiratory effort of the 
patient. It has been found that an impedance sensor 
such as those used in nrteasuring minute volume for con- 
trol of output rate of heart pacemakers can be used to 
provide a respiratory effort sensor. Such sensors are die- 
dosed in U.a Patent S.201,808 issued to Steinhaus, et. 
al. or U.S. Patent 5.271.395 issued to vy^hlstrand. et. al. 
or U.S. Patent 4,596.251 issued to Plicchi, el al. The 
impedance sensor is surgically implanted at the time of 
implantation of the IPG. 

In order to detect respiratory effort, the electncal 
impedance time variation of a part of the chest is deter- 
mined by means of two implanted electrodes. For exam- 
ple, the electrodes may t>e subcutaneousJy positioned, 
or they may be placed on the IPG case and separated 
tsy an electhcaily insulating part on the same case. 
Therefore, one electrode can be placed in any suitable 
and non-critical position vts-a-vis the second electrode 
keeping in mind that su^ position has to alkyw the detec- 



tion of geometric variations of a part of the chest barely 
affected by the movements of the upper limbs of the 
patient In a preferred embodimerrt one electrode is the 
housing of the case and the second electrode is a ring 

5 electrodeaboutthelead extending to the nerve electrode 
assembly. To measure impedance, a current is forced 
between the IPG's conductive housing and the ring elec- 
trode of the stimulation lead, and the resultant voltage is 
measured. The DC component of the impedance signal 

fo is removed and the AC conrponent processed into digital 
counts or pulses which are proportional to the change in 
impedance. Additional filtering of the impedance signal 
may also be required in order to remove physiological 
artifacts such as movemem artifacts. Inspiration-syn- 

75 chronous stimulation is then provided from the pulse 
generator through a lead to an electrode around a nerve. 

A medical device which includes such pressure 
sensing for treatment of airway cofKiitiorts can be made 
according to the detailed description which follows. This 

20 is a description of preferred embodiments only, given by 
way of example only, with reference to the accompanying 
drawings. 

Fig. 1 is a side sectk>nal diagram of a patient having 
normal respiratory activity. 

25 Rg. 2a-c are graphs of normal respiratory wave- 
tbrms (shown with full normal inspiration at the peak). 
Fig. 2a shows a respiratory effort waveform and indi- 
cated phases of the respiratory effort waveform. Fig. 2b 
shows a graph of a respiratory airftow waveform with Rg. 

30 2c Showing the corresponding respiratory effort wave- 
form. 

Rg. 3 is a side sectional diagram of the patient of 
Rg. 1 at the onset of obstructive apnea. 

Rgs. 4a and 4b are respiratory waveforms of inspir- 
es atory effort showing normal inspiratory effort (Fig. 4a) 
and the change in normal inspiratory effort at the onset 
of an apnea event (Fig. 4b). Rg. 4c is a respiratory wave- 
form showing respiratory airf kTW (as opposed to the res- 
piratory effort waveform shown in Rgs. 4a arxJ 4b) in a 
40 patient during an apnea event 

Rg. 5 is an emtxxliment of the invention using an 
implanted pulse generator and implanted impedarKe 
sensor. 

Rg. 6 is a block diagram of one embodiment of the 
45 apnea treatment device acoordir^ to the present inven- 
tion. 

Rg. 7 is a block diagram of the upper ainway trans- 
ntitter/controller of Rg. 6. as it is applied to a patient 

Rgs. 8a-c are wavefonms showing the synchroniza- 
50 tion of stimulation from the upper ainA^ay transmitter of 
Fig. 6 (Rg. 8a) with the impedance respiratory waveform 
(Rg. 8b) and intratracheal pressure waveform (Fig. 8c). 

The present invention relates to an apparatus for 
treatment of obstructive diseases of the upper airway by 
55 administering stimulation of the musculature of the upper 
airway in synchrony with the Ir^ratory phase of the res- 
piratory cycle. In Figs. 1 and 2a-c. normal respiratory 
activity is depicted. In Rg. i. a pati&it 10 has an ainway 
1 5 which remains patent during inspiration of air 20. Rg. 
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2a snows a typical respiratory effort waveform for two 
complete respiratory cycles. Each wave of the waveform 
is characterized by a negative peak 30 on completion of 
expiration, a positive peak 35 on completion of inspira- 
tion and a turning point 40 which indicates the onset of 
inspiration. Each wave off the waveform can therefore be 
separated into a period of respiratory pause 32. an 
inspiratory phase 33 and an expiratory phase 34. Other 
characteristics of the waveform could also be identified 
in connection with tracking and analyzing the respiratory 
waveform to monitor respiratory activity in upper airway 
stimulation treatment. In normal respiration, the respira- 
tory effort waveform is related to airflow as set forth in 
Figs. 2b and 2c. In Fig. 2b a trace of normal respiratory 
airflow from a flow transducer is shown while Tig. 2c 
shows the corresponding trace of the normal respiratory 
effort which produces the airflow. 

In Figs. 3 and 4b. respiration in the same patient at 
the onset of an obstructive sleep apnea event is 
depicted. Frg. 3 shows the patient 1 0 and ai way 1 5 with 
an airway obstruction 17 that is characteristic of an 
obstructive apnea event. Fig. 4a shows that in a normal 
respiratory effort waveform 43. the inspiratory peaks 45 
a-d are of approximately the same amplitude. By com- 
parison in Fig. 4b, in a waveform 47 the inspiratory peaks 
50 a-d become significantly greater In amplitude at the 
onset of obstructive apnea than the immediately preced- 
ing inspiratory peak 52. This is reflective of the increased 
inspiratory effort undertaken by the patient in response 
to the difficulty of breathing through the obstructed air- 
way 

In the device of the present invention, the increased 
respiratory effort is avoided by synchronized stimulation 
of one or more nxjsdes in the upper ainvay which hold 
the aiiv/ay open during the inspiratory phase. The mus- 
cle Of muscles stimulated can be selected from any 
number of muscles of the upper airway such as the gen- 
ioglossus muscle which may be stimulated by a cuff elec- 
trode placed around the hypoglossal nerve. The effect of 
this stimulation on obstructive sleep apnea can be seen 
in the airflow trace of Fig. 4c. During a first period indi- 
cated as 53a. stimulation is enabled, thereby producing 
a normal respiratory airflow. During a second period indi- 
cated as 53b, stimulation is disabled causing obstruction 
of the ainway and reduction in airflow volume (apnea). 
During a third period indicated as 53c. stimulation is 
resumed, restoring patency to the ainway and increasing 
airflow volume. 

A device operating substantially as described above 
can be implemented in a fully implantable stimulation 
system such as that shown in Rg. 5. In Rg. 5, an implant- 
able pulse generator 60 (e.g. a Medtronic ITREL II l^odel 
7424 modified to include an input from a respiratory sen- 
sor) can be implanted in a patient 65 with respiratory 
sensing between an impedance measuring electrode 70 
and the case 62 of the pulse generator 60. The Medtronic 
ITREL II Implantable IPO has advanced programnnabie 
features permitting mode changes by transcutaneous 
RF telemetry. The patient-controllable parameters of the 



device's operation can therefore be controlled by the 
patient through a small, hand-held telemetry device 
while the physician can preset additional operational 
parameters of the device through an external program- 

5 mer. The impedance rheasuring electrode 70 is a ring 
electrode disposed about a lead 72 terminating in a stim- 
ulation electrode 73. Therefore, the surgical implantation 
of the stimulation electrode 73 and lead 72 also provides 
the implantation of one measuring electrode 70 of the 

10 impedance measuring circuit and an associated conduc- 
tor 71. Inspiration-synchronous stimulation is provided 
from the pulse generator 60 through the lead 72 to the 
nerve electrode 73 around the hypogtossal nen^e 74. 
A block diagram of the principal elements of the 

15 device is shown in Fig. 6. That device includes a control- 
ler 80 which is capable of sensing the inspiratory phase 
and transmitting an electrical stimulus pulse to muscles 
of the upper airway An impedance sensing circuit 85 
sends respiratory waveform information to the controller 

20 80 which sends stimulus pulses through an electrode 90 
to stimulate the rrwscles of the patient. The electrode can 
be a Medtronic Model 3990 Half Cuff Nerve Electrode. 
A programmer 95 is capable of remote programming of 
controller 80 with various parameters in order to adapt 

25 the device to a particular patient. The device of Fig. 6 is 
therefore adapted to be programmed by the doctor and 
thereafter used each night by the patient to prevent the 
closure of the upper ainway during the inspiratory phase 
of the respiration cycle. A programmer with basic on/off 

30 capabilities may also be provided to the patient in order 
to allow the patient to enable and disable the prepro- 
grammed treatment It will be apparent to those skilled 
in the art that the entire system must be made to be easy 
to use by the patient and since it is used without constant 

35 medical supervision, it must be able to safely adapt to 
many different operating conditions. 

Fig. 7 is a block diagram of the controller 80 of Fig. 
6. A nfticroprocessor 100 controls the principal opera- 
tions of the controller 80. An impedance signal 89 from 

40 the impedance sensing circuit 85 is coupled to an ampli- 
fier>lilter 87 which filters artifacts from the signal 89 and 
an automatic gain control 88 so that it is compatible with 
analog or digital signal processing devices such as an 
analog/digital converter 91. The microprocessor 100 

45 provkJes data to the D/A converter 101 and the oscillator 
102 which allows the stimulus waveform to be shaped 
by the stimulus shaper 103 into an output signal 104. A 
telemetry system 1 05 is used with an external program- 
mer (not shown) to communicate with the microproces- 

50 sor. 

The impedance sensing circuit 85 includes lead 72. 
impedance measuring electrode 70 and IPG 60. The 
Inrpedance sensing cifcuit 85 can measure cardiac 
inrpedance by outputting periodic biphasic current 
55 pulses on lead 72 to impedance measuring electrode 70. 
and then sensing the resulting voltages. The resulting 
voltages are sensed and demodulated in an AC-coupled 
manner, to generate a voltage waveform which reflects 
changes in impedanca The measured impedance 
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changes will ttien be related to changes in frequency and 
magnitude of the patient's respiratory effort with the sig- 
nal having peaks conesponding to the phases of the res- 
piratory cyde in which the expiratory and inspiratory 
speeds reach their maximum values ar^ will have a zero 5 
value when any respiratory dynamics is absent. Since 
the impedance signal is negative during the inspiratory 
phase of respiration, the sensor output is preferably 
inverted such that Inspiration yields a positive-going volt- 
age. At a predetermined period (e.g. every 20-100 ms), w 
the microprocessor 100 samples the impedance wave- 
form and determines a value indicating the magn^ude of 
the ctiange in the impedance waveform voltage since the 
last sample. Several conrtponents of the impedance 
sensing circuit 35 may be computatior^ elements is 
requirir)g externally supplied parameter values, such as 
are provided by a physician using an external program- 
ming device. Also, interactive protocols can be used in 
combination with these programmable parameters in 
order to optimize the response of the impedance sensing 20 
circuit 85. For example, a breathing protocol to provide 
an Initial gain for the circuit can be used in which the 
patient Is breathing normally at rest. Sensed impedance 
values during the test can k>e observed by the physician 
via the telemetry system and the initial gain for the circuit 2$ 
85 programmed into a desired range. 

The microprocessor 100 identifies the inspiration 
phase of the respiratory effort waveform from the digi- 
tized amplitude values from the impedance circuit 85 so 
that the system can supply a shaped stinrulus burst for 30 
the duration of that phase at the electrode 90. The onset 
of inspiration is characterized as a sustained increase in 
slope of the impedance waveform greater than a preset 
threshold but less than a maximum slope value. Gener- 
ally, an inspiratory turn point would be indicated by an 35 
increase in the impedance signal amplitude of between 
about 1 .5X and 5X over two sample periods about 40 to 
1 00 ms apart The peak amplitude of the impedance sig- 
nal ir>dicates ttie end of inspiration and the onset of expi- 
ration. Generally, an inspiratory peak is detected if a 40 
negative sk>pe for the impedance waveform is identified 
and sustained over three consecutive sample periods 
(i.e. over at>out 60 to 150 ms). 

Atternatively, an analog derivative of the respiration 
impedance signal can be used to determine onset and 45 
offset of inspiration, in the analog nxxle of operatk)n, the 
impedance circuit 85 output can be processed t^y the IPQ 
to derive a time derivative of the measured impedance. 
A baseline value for the signal is then established by 
avera^ng about 1 0 consecutive voltage measurements, so 
If the average is atxjve the previous baseline by a pre- 
determined voltage, then the bs^ine is reset to the 
average value. Once a valid baseltne voltage has been 
established, a threshold voHage is established from the 
baseline voltage (e.g. baseline voltage minus a constant) 55 
that corresponds to the ons^ of inspiration. When the 
threshold voltage is achieved by the signal from the sen- 
sor, stimuiaticn is enabled. In order to prevent false-^- 
itive indications of inspiratory onset, the signal voltage 



may be averaged and then compared with the threshoW 
voltage. Inspiratory offset may be fourtd in a similar man- 
ner by confuting a second threshold voltage (i.e. a neg- 
ative voltage characteristic of the expiratory phase of the 
respiratory cycle) and identifying the point at which the 
second threshold is achieved. 

Rgs. 8a-c indicate the basic mode of operation for 
the system. The patient's respiratory signal 1 10 derived 
from implanted impedance sensing circuit is monitored 
and the inspiratory phase 1 1 2 of the signal 1 10 is iden- 
tified from a waveform analysis which finds the turning 
pdnt 113 ar>d the inspiratory peak 114. This respiratory 
sgnal 1 1 0 can t>e seen to correspond closely with nrteas- 
ured intratracheal pressure 1 1 1 in indicating the inspira- 
tory phase of the respiratory cyde. The system then 
provides a l:»polar stimulus burst to the appropriate upper 
ain^y musculature which is synchronized with the 
inspiratory phase 1 12. The stimulus burst is indicated as 
a stimulus window 1 1S which includes a peak amplitude 
117 which is specifically set by the physician at a level 
required by tiie patient. A ranrp gradually irx:r easing the 
stimulus during a rise time and a ramp gradually 
decreasing the stimulus during a fall time may also be 
provided if desired. Ideally, the stimulus would have a 
starting point 123 at the same time as the turning point 
1 13 and continue to an end point 125 that is exactly at 
the inspiratory peak 114. However, due to the fact that 
there is always uncertainty as to whether the Inspiratory 
peak 1 1 4 has been reached or whether the amplitude of 
the signal will continue to inaease. the end point 125 for 
the stimulus window 1 1 5 may be delayed until the system 
dearly identifies the peak by seeing that the signal 1 1 0 
is on a downward trend. Thus, the end point 125 may 
occur slightiy after the inspiratory peak 1 14. 

It will be emaciated by ttiose slQlled in the art that 
while the invention has been described above in connec- 
tion with particular embodiments and examples, the 
invention is not necessarily so limited and that numerous 
other embodiments, examples, uses, modifications and 
departtres from the ennbodiments. examples and uses 
may be made within the scope of tiie claims. 

Claims 

1 . A medical device for treating upper ain^ay obstruc- 
tion in a patient by electrical stimulation of muscles 
of the upper airway comprising: 

(a) an implantable pulse generator (60) induc- 
ing an impedance sensing circuit (85): 

(b) a stimulation lead (72) adapted to extend 
from the pulse generator (60) to a nerve which 
activates at least one of the patient's upper air- 
way musdes: 

(c) at least one impedance measuring electrode 
(70) along said stimulation lead and in electrical 
connection with the impedance sensing drcuit 
(85) such that the sensing circuit provides a sig* 
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nal characteristic of transthoracic irnpedance in 
the patient; 

(d) means (80) responsive to said impedance 
sensing circuit (85) tor monitoring the imped- 
ance signal of the impedance sensing circuit for s 
at least one parameter characteristic of the 
onset of inspiration of the patient; 

(e) means (100) associated with said monitor- 
ing means (80) for detecting the onset of inspi- 
ration; and 

(f) means (73) responsive to said detecting 
means for applying the electrical stinuilation 
synchronous with the onset of inspiration, the 
electrical stinmjiation applied at a level which 
restores patency in the ainway. rs 

2. The device of claim 1 wherein said monitoring 
means includes slope measuring means tor meas- 
uring a change in slope of the Impedance signal. 

20 

3. The device of claim 2 wherein the slope measuring 
means measures a change in slope over an interval 
of alx)ut40to ICO ms. 

4. The device of claim 1 , 2 or 3 wherein said detecting 25 
means includes threshold means responsive to said 
monitoring means for setting a threshold value for 
the onset of inspiration. 

5. The device of claim 4 wherein the threshold means so 
comprises: 

(a) means responsive to said monitoring means 
for determining a baseline average value for the 
monitored signal: ^ 

(b) means responsive to said baseline deter- 
mining means for determining the threshold 
value as a function of the baseline average 
value. 

40 

6. The device of any preceding claim also comprising 
means tor digitizing the impedance signal. 

7. "me device of claim any preceding also comprising 
means fbr providing a time derivative of the imped- 4S 
ance signal. 



so 



ss 



6 

BNS0OCtD:<EP 0702977A2> 



EP0702 977A2 




FIG.2a 



BNSOOCiO:<£P 07Q29nA2> 



EP0702 977A2 




8N6tX>ClO: <£P 0702977A2> 



8 



EP0702 977A2 




FIG.3 



BNSOOaO:<EP 07D2977A2> 



9 



EP0 702 977A2 




BNSDOCID:<EP 07D2977A2> 



10 



EP0 702 977A2 




BNS0OC;0:<£P 07Q2977A2> 



11 



EP0 702 977 A2 




BN800CID:<£P 070»77A2> 



12 



EP0702 977A2 




LU 

§ 



06 

Ui 

S 
< 



\0 



Ui 




3NSD0C!0:<£P 07a2977A2> 



13 



EP0 702 977 A2 



O 
O 


















Pi 




















o 






m 


Q m 
o 


*- 




5 S 


< 


FILT! 
















5' 













u 

< < 
z 



8NS0OCID:<EP 070a977A2> 



14 




SNSOOCD:^ O702&77A2> 



15 



I 



s 




(19) 



II 



(12) 



Europdisches Patentamt 
European Patent Off tee 
Office europtendes brevet (11) EP 0 702 977 A3 

EUROPEAN PATErfT APPLICATION 



(88) Oateof publication A3: 

19.03.1997 Bulletin 1997/12 

(43) Date of publication A2: 

27.03.1996 Bulletin 1996/13 

(21) Application number: 95306574.5 

(22) Date of filing: 18.09.1995 



(51) int Cl.^: A61N 1/36. A61B 5/06, 
A61M 16/00 



(84) Designated Contracting States: 
DEFRIT NL SE 

(30) Priority: 21.09.1994 US 310120 

(71) Applicant: MEDTRONIC, INC. 

Minneapolis, Minnesota 55432-3576 (US) 



(72) Inventor: Testernmn, Roy L. 

New Hope, Minnesota 55427 (US) 

(74) Representative: Hughes, Andrea Mchelle et al 
Frank B. Dehn & Co., 
European Patent Attorneys, 
179 Queen Victoria Street 
London EC4V 4EL (GB) 



(54) Apparatus for ctotecting and treating obstructive ainway disorders 

(57) A device for treating upper respiratory obstruc- 
tions in a patient by electrical stimulation of musdes of 
the upper airway including surgically implanting a 
impedance sensirrg circuit 85 into the patierrt such that 
the impedance sensor is capable of providing a signal 
characteristic of transthoracic impedance in the patient 
The implanted impedance sensing circuit 85 aJIOws the 
inspiratory phase of the patierrt's respiratory cycle to be 
identified and electrical stimulation to be reliably applied 
during the inspiration phase. 
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